Background. Patients choosing between hemodialysis (HD) and peritoneal dialysis (PD) should be well informed of the risks and benefits of each modality. Invasive access interventions are important outcomes because frequent interventions lower patient's quality of life and consume limited resources. The objective of this study was to compare the risk of access interventions between the two modalities. Methods. Three hundred and sixty-nine incident chronic dialysis patients were prospectively enrolled at four Canadian centers that were eligible for both modalities, received at least 4 months of pre-dialysis care and started dialysis electively as an outpatient. Two hundred and twenty-four (61%) chose PD and 145 (39%) chose HD. Patients were followed for an average of 1.3 years (range 0.07-3.6 years). Results. In the PD group, there were fewer access interventions (2.5 versus 3.1 interventions per patient, adjusted odds ratio of 0.79 for PD versus HD, P ¼ 0.005) and a lower intervention rate (2.3 versus 1.9 per patient-year, adjusted rate ratio of 0.81 for PD versus HD, P ¼ 0.04). PD catheters were less likely to experience primary failure (4.6 versus 32%, P < 0.0001), showed a trend toward lower intervention rates during use (0.8 versus 1.2 per patientyear, P ¼ 0.06), and had equal patency compared to fistulae (1-year patency of 84 versus 88%, P ¼ 0.48). Patients managed exclusively with HD catheters (28% of the HD group) required 1.7 interventions per patient and an intervention rate of 1.9 per patient-year. Conclusion. Patients who choose PD require fewer access interventions to maintain dialysis access than patients choosing HD.
Introduction
Patients choosing a dialysis modality should be informed about the risks and benefits of peritoneal dialysis (PD) and hemodialysis (HD). A properly functioning dialysis access is a requirement for either modality. Patients choosing PD must use a PD catheter and may undergo repeated interventions to maintain its function [1] [2] [3] . Patients choosing HD are encouraged to use an arteriovenous fistula [4, 5] , but they might experience primary failure or require interventions such as angioplasties to maintain patency [6] [7] [8] [9] . Arteriovenous grafts and HD catheters are less preferred because of their increased risk of infection and malfunction [10, 11] . If a patient chooses a modality that results in frequent invasive interventions, this could greatly decrease their quality of life on dialysis and consume significant radiological and surgical resources [12, 13] . Invasive interventions are also an important measure of patient safety because they are often used to treat complications that meet the definition of a serious adverse event [14] .
Despite the importance of invasive interventions as an outcome, comparisons between PD and HD are lacking. Quality of life and cost effectiveness studies suggest some advantage for PD access but do not measure intervention rates directly [12] . In addition, studies comparing PD and HD generally do not restrict the population to one that is eligible for both modalities [15] . The objective of this study was to compare the risk of invasive access interventions in patients who electively chose between PD and HD. The study was restricted to a relatively homogenous population that was eligible for both modalities, received predialysis care and started dialysis electively as an outpatient. These restrictions reduced the acuity of the HD population and isolated a population that had a high probability of electively choosing between the two modalities.
Materials and methods

Study design and population
We conducted a prospective observational study of consecutive incident chronic dialysis patients at four dialysis programs in Canada (Sunnybrook Health Sciences Centre, Halton Healthcare, London Health Sciences Centre and Manitoba Renal Program) between 1 January 2007 and 30 March 2010. The study protocol was reviewed and approved by the research ethics boards at each institution. Patients were enrolled if they had a diagnosis of end-stage renal disease (ESRD) according to a nephrologist and had received at least one dialysis treatment. The cohort was further restricted to patients who were considered eligible for both PD and HD by their medical team, received at least 4 months of predialysis care and started dialysis as an outpatient to isolate a population that had a high probability of making an elective modality choice ( Figure 1 ). The PD eligibility assessment has been described in detail elsewhere [3] . In brief, the medical team first excluded patients with contraindications to PD. If no PD contraindications were present, patients were assessed for the presence of barriers to self-care PD. If these barriers could not be overcome with the support available to them in their residence, they were considered ineligible for PD. PD contraindications were usually abdominal conditions or residences that did not permit PD. The primary contraindication to HD was severe, chronic hypotension from congestive heart failure. Patients were also excluded if they were lost to follow-up in the first 6 months of dialysis therapy. One patient was excluded because the original date of the fistula surgery could not be determined. Of note, all participating programs utilized access flow monitoring in their HD units.
Baseline assessments. At the start of dialysis, age, sex, weight, height, comorbid conditions, length of predialysis care, predialysis laboratory values and predialysis access interventions were recorded.
Modality choice. Patients were considered to have chosen PD if they had at least one PD catheter attempt. Otherwise, the patients were considered to have chosen HD. The HD group was subdivided into patients who attempted at least one fistula and patients managed exclusively with HD catheters.
Outcomes. The primary outcome was the mean number of access-related invasive interventions per patient which included predialysis interventions and interventions on dialysis. A single intervention was defined as one visit to the operating room, radiological suite, special procedure room or bedside to perform one or more invasive access-related procedures. PDrelated procedures included failed PD catheter attempts, PD catheter insertions, manipulations and PD catheter removals (insertions and manipulations could also include lysis of adhesions or omentectomies). Fistularelated procedures included peripheral venograms for access planning, surgical explorations without fistula creation, fistula creations, surgical revisions, angioplasties, collateral vein ligations, thrombectomies, thrombolyses and ligations (takedowns). HD catheter-related interventions included insertions, exchanges and removals (exchanges could include fibrin sheath disruptions). Primary failure, intervention rates during use and patency of PD catheters and fistulae were calculated as secondary outcomes. Primary failure of a PD catheter was defined as a failed attempt or insertion of PD catheter that was never used for PD treatments (flushing after insertion did not qualify). Primary failure of a fistula was defined as a failed attempt (surgical exploration) or fistula creation that never provided catheter-free access for at least one HD treatment. Catheter-free access is a conservative measure of fistula success used in previous studies [10, 16] . Intervention rates during use were calculated as the intervention count after independent use divided by the time of independent use. PD catheter patency was calculated from the start of PD therapy (independent use) to removal of the PD catheter, discontinuation of PD treatment or the end of follow-up. Fistula patency was calculated from first use (start of HD if no catheter was in place or date of catheter removal if one was used as a bridging access) to fistula failure, discontinuation of HD treatment or the end of follow-up. Temporary periods of HD did not terminate PD catheter patency and temporary periods of HD catheter use did not terminate fistula patency. Patients were followed for outcomes from the start of dialysis to the end of the study or discontinuation of dialysis therapy.
Analysis. Baseline differences between the PD and HD group were compared using chi-square tests for categorical variables and t-tests for continuous variables. The primary analysis assigned all interventions to the original modality choice (PD or HD) even if the access or modality changed during follow-up. This method accounts for interventions that result from access failure or technique failure. The mean number of interventions per patient (primary outcome) was compared between the PD and HD group using Poisson regression since interventions are relatively infrequent events. Covariates were included if the baseline difference between the PD and HD group was <0.10 in the univariate comparison (t-test, chi-square test). Chi-square and log-rank tests were used to compare the unadjusted risk of primary failure and patency between PD catheters and fistulae, respectively. All analyses were performed using the SAS System (Version 9.1, Cary, NC). Differences were considered significant if the two-sided P-value was <0.05.
Results
Eleven hundred and thirty-four patients with ESRD were screened for the study at the four sites. Three hundred and sixty-nine patients met the inclusion criteria ( Figure 1 ). The mean age was 61.5 (SD 15.7) years of age, 60% were male and 54% had diabetes mellitus. The mean follow-up on dialysis was 1.3 years (range 0.1-3.6 years). There were 1077 procedures performed during 546 interventions.
In this relatively healthy cohort of elective outpatient starts, 224 patients (61%) chose PD and 145 (39%) chose HD. In the HD group, 104 (72%) had at least one fistula attempt and 41 (28%) only used HD catheters for access. Despite the restricted study population, HD patients were older and were more likely to have diabetes, nonischemic cardiac disease, cerebrovascular disease, a shorter duration of predialysis care and lower hemoglobin levels at the start of dialysis (Table 1 ). There were no differences in weight, body mass index, coronary artery disease, congestive heart failure, peripheral vascular disease or cancer. The patients also started dialysis with a similar level of residual renal function and serum albumin.
Need for invasive interventions
The PD group experienced fewer interventions than the HD group ( Table 2 ). The mean number of interventions per patient in the PD group was 2.5 compared to 3.1 per patient in the HD group over a follow-up of 1.32 years. The adjusted odds ratio for interventions was 0.79 for the PD group compared to the HD group (P ¼ 0.005). The intervention rate per patient-year in the PD group was 1.9 compared to 2.3 per patient-year in the HD group, with an adjusted rate ratio of 0.81 (P ¼ 0.04). The PD group also experienced fewer predialysis interventions (odds ratio 0.91, P ¼ 0.04) and fewer interventions on dialysis (odds ratio 0.79, P ¼ 0.02). None of the covariates in the models (age, diabetes, nonischemic heart disease, cerebrovascular disease, predialysis care and predialysis hemoglobin) were associated with the risk or rate of intervention.
Primary failure and patency of PD catheters and arteriovenous fistulae Two hundred and thirty-five PD catheters were attempted or inserted in 224 patients in the PD group. One hundred and twenty fistulae were attempted or created in 104 patients. The risk of primary failure (including failed attempts) was 4.6% for PD catheters (11 of 235) and 32% for fistulae (38 of 120) (P < 0.0001). Forty-four interventions (excluding attempts or creations) were performed to facilitate fistula maturation. Twenty PD catheter manipulations were required to facilitate use. There was a trend toward a lower intervention rate after PD catheter use than after fistula use (0.8 versus 1.2 per patient-year, P ¼ 0.06). The 1-year PD catheter and fistula patency was 84 and 88%, respectively, (log-rank test, P-value ¼ 0.48) (Figure 2 ).
Patients who exclusively used HD catheters
Only 41 (11%) of the 369 patients in the study were managed exclusively with HD catheters. The mean follow-up in this group was 0.90 years, which was shorter than either the PD group (1.32 years) or the HD group that attempted fistulae (1.47 years). The mean number of predialysis interventions, interventions on dialysis and total interventions was 1.0, 0.7 and 1.7 per patient, respectively. The total intervention rate was 1.9 per patient-year which was equal to the 1.9 rate in the PD catheter group. None of the HD catheters experienced primary failure so the intervention rate on dialysis of 0.7 per patient-year was equal to the intervention rate after use.
Description of procedures
The frequency and types of invasive procedures performed during the interventions (single visit to the radiology suite, operating room, special procedure room or bedside) are presented in Table 3 . In the HD group, 54, 43 and 3% of the procedures were related to fistulae, HD catheters and PD catheters. In the PD group, 10, 29 and 60% of the interventions were related to fistulae, HD catheters and PD catheters, respectively. Eighty-eight patients used at least one HD catheter. The reasons for catheter use in the PD group were HD start with elective conversion to PD (n ¼ 38), catheter malfunction (n ¼ 17), peritonitis (n ¼ 8), exit site/tunnel infection (n ¼ 4), hernia (n ¼ 4), exit site leak (n ¼ 4), elective transfer to HD (n ¼ 3), inadequate clearance (n ¼ 2), requirement for continuous renal replacement therapy (n ¼ 2), noncompliance (n ¼ 1), drain pain (n ¼ 1), pleural effusion (n ¼ 1), scrotal edema (n ¼ 1), calciphylaxis (n ¼ 1) and perforated colon (n ¼ 1).
Discussion
This study demonstrates that patients who chose PD experienced a lower risk of invasive access interventions than patients who chose HD. The large incident cohort allowed us to isolate a study population that was eligible for both modalities, had sufficient time in predialysis care and started dialysis as an outpatient. Therefore, they had a high probability of making an elective modality choice. PD patients experienced fewer interventions because PD catheters were more likely to be used, tended to have lower intervention rates during use and had similar patency to fistulae. The majority of patients in the HD group attempted at least one fistula and the intervention rate in the catheter only patients was low, so reliance on HD catheters was not the reason interventions were more frequent.
Previous studies have found that the risk of primary failure of fistulae ranges from 41 to 62% compared to 10 to 13% for PD catheters and our results are consistent with these findings [1, 3, 6, 7] . If a patient attempts a dialysis access and it fails then additional procedures are required to establish access. In other words, more interventions must be 'invested' into the HD population than the PD population to establish functional access, because fistulae have higher primary failure rates than PD catheters. Fistulae are still the recommended HD access to reduce the risk of death and hospitalization but attempting them does have a disadvantage HD with regard to invasive interventions [4, 5] . Thirty-eight (43%) of the 88 patients in the PD group who used HD catheters required them to start HD and then converted electively to PD. None of the dialysis centers in this study started patients acutely on PD, but previous studies suggest this strategy could further reduce intervention rates in the PD group [17] .
Intervention rates during use have not been directly compared between PD catheters and fistulae to our knowledge. We found the PD catheter rate of 0.83 per patientyear trended lower than the 1.22 per patient-year of fistulae. The fistula rate was in the range of 0.4-1.7 per patient-year found in previous studies [10, [18] [19] [20] . Of note, all programs utilized access flow monitoring which has been demonstrated to increase the frequency of elective angioplasty for both fistulae and grafts [21] [22] [23] [24] . Fistulae also did not provide superior patency, at least over the duration of follow-up in this study. Huijbregts et al. reported the functional patency of fistula in The Netherlands was 88% at 1 year, which was identical to our results [20] . The 1-year functional patency of PD catheters in this study was 84% which is on the lower end of the 82-99% range found in the literature [25, 26] but was still quite acceptable. The lower risk of primary failure, lower intervention rate after use and equivalent patency of PD catheters produced a lower overall risk of intervention. This is a novel finding but supports indirect evidence from quality of life studies, which report that PD patients experienced fewer access problems [12] . The US Renal Data System Annual Report also found the cost of maintaining PD catheters was $833 per patient-year compared to $3284 for fistulae and $7377 for HD catheters. The low cost of maintaining PD catheters may reflect lower intervention rates to establish and maintain access.
This study has important implications for clinical care and health care policy. Our methods analyzed interventions following access attempt but not after access use has been established. Patients considering a chronic dialysis Fig. 2 . Patency and intervention rates during use of PD catheters and fistulae. The 1-year patency was 84% and 88% for PD catheters and fistulae, respectively, (log-rank test P ¼ 0.48). There was a trend toward a lower intervention rate after PD catheter use than after fistula use (0.8 versus 1.2 per patient-year, P ¼ 0.06). modality do not know if their access attempt will be successful when they choose their modality so this perspective better informs decision making. Patients can now be informed that choosing PD might reduce the need for invasive interventions in the future. For policy makers who are promoting PD as a strategy to maintain patient independence and lower health care costs [27] , this study suggests patients who choose PD do not face an increased risk of access-related adverse events. In fact, our results reinforce that PD is a cost-effective option that consumes fewer radiological and surgical resources than HD in the first year of therapy. The study has some notable limitations. Firstly, only 32% of the screened dialysis population met the inclusion criteria so our findings may not extend to the majority of dialysis patients. These restrictions were required to reduce baseline differences between PD and HD and isolated a dialysis population that likely made an elective modality choice. The PD and HD groups were more similar at baseline than other studies, but differences remained and an adjusted analysis was required [15, 28, 29] . If the study had included inpatient starts then it likely would have increased the number of patients starting HD acutely. This may have increased the intervention rate in the HD groups and biased the results in favor of PD. It would also include patients who did not initially make an elective modality choice but rather urgently started HD (even if they later converted to PD). Secondly, modality choice was inferred by PD catheter attempt in patients eligible for both modalities and was not measured directly. We used this method because the cohort was assembled at the start of dialysis and because PD catheter attempt was an objective measure of a patient's desire to pursue PD. Measuring choice directly might improve future studies but would likely require a prospective study of predialysis patients to account for changes over time. Finally, the study had relatively short follow-up. Fistulae are known for their long-term patency and although the intervention rate and patency was not superior to PD catheters; in this study, fistulae may outperform PD catheters in the long run [30] .
